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ABSTRACT. We recorded observations of caribou (Rangifer tarandus), grizzly bear (Ursus arctos), Dall sheep (Ovis dalli) and
moose (Alces alces) along the Denali National Park and Preserve road corridor during 1995–97. We compared these observations
to similar data from previous studies to evaluate the effect of an increase in traffic on the number of animals sighted and their
behavior. Between 1972 and 1997, annual visitation to Denali National Park increased from about 45 000 to 350000, with
attendant increases in traffic on the park road. The mean number of caribou, grizzly bear, and Dall sheep observed did not decline
(p > 0.301) from 1973 to 1997. The number of moose observed declined by more than 50% (R2 = 0.529, p < 0.001). The estimated
population of moose also declined  over the same period (R2 = 0.374, p = 0.002). The distance from the park road at which caribou
and grizzly bears were sighted did not change (p > 0.787), but fewer moose (p < 0.031) were observed within 100 m of the road
and fewer sheep (p < 0.011) were observed between 400 and 500 m from the road. Adverse behavioral responses to traffic (e.g.,
running from vehicles) occurred in less than 1.3% of observations for each species. Increased traffic on the park road apparently
has not caused significant changes in abundance, distribution, or behavior of caribou, grizzly bear, Dall sheep, and moose in the
park road corridor.
Key words: Alaska, behavior, caribou (Rangifer tarandus), Dall sheep (Ovis dalli), Denali National Park, grizzly bear (Ursus
arctos), human disturbance, moose (Alces alces), traffic, visitation
RÉSUMÉ. De 1995 à 1997, on a rapporté des observations du caribou (Rangifer tarandus), du grizzli (Ursus arctos), du mouflon
de Dall (Ovis dalli) et de l’orignal (Alces alces) dans le corridor routier de la réserve et du parc national Denali. On a comparé
ces observations à des données similaires recueillies au cours d’études antérieures visant à évaluer l’impact d’une augmentation
du trafic sur le nombre d’animaux aperçus et sur leur comportement. Entre1972 et 1997, le nombre annuel de visiteurs au  parc
national Denali est passé d’environ 45 000 à 350 000, ce qui a amené une augmentation de la circulation sur la route du parc. De
1973 à 1997, le nombre moyen de caribous, de grizzlis et de mouflons de Dall observés n’a pas diminué (p > 0,301). Le nombre
d’orignaux observés a décliné de plus de 50 p. cent (R2 = 0,529, p < 0,001). La population d’orignaux estimée a aussi baissé durant
cette période (R2 = 0,374, p < 0,002). La distance, mesurée depuis la route du parc, à laquelle ont été aperçus les caribous et les
grizzlis n’a pas changé (p > 0,787), mais on a observé moins d’orignaux (p < 0,031) à moins de 100 m de la route et moins de
mouflons de Dall (p < 0,011) entre 400 et 500 m de la route. Des réactions comportementales négatives au trafic (p. ex., fuite à
l’approche de véhicules) ont eu lieu dans moins de 1,3 p. cent des cas observés pour chaque espèce. L’augmentation du trafic sur
la route du parc ne semble pas avoir causé de changements notables dans l’abondance, la distribution, ou le comportement du
caribou, du grizzli, du mouflon de Dall et de l’orignal dans le corridor routier du parc.
Mots clés: Alaska, comportement, caribou (Rangifer tarandus), mouflon de Dall (Ovis dalli), parc national Denali, grizzli (Ursus
arctos), perturbation anthropique, orignal (Alces alces), circulation, visiteurs
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INTRODUCTION
Annual visitation to Denali National Park and Preserve
(formerly Mt. McKinley National Park) has increased
from fewer than 45 000 people before 1972 (Dalle-Molle
and Van Horn, 1989) to the current level of 350 000 people
(National Park Service [NPS], unpubl. data). The National
Park Service’s mandate is to protect park resources while
providing access and viewing opportunities for the public.
Balancing these needs becomes more difficult with in-
creased visitation.
The ease of viewing caribou, grizzly bear, Dall sheep, and
moose along the 147 km park road is an important visitor
attraction. A permit system implemented to maintain wildlife
viewing opportunities along the park road limited the number
of private vehicles in 1972 and the total number of vehicles
in 1986. Buses in use since the 1930s (Brown, 1993) have
been the primary means of transport for visitors since 1972.
Between 26 May and 13 September, 10 512 vehicles are
permitted to pass the check station at km 24 (NPS, 1986).
Outside of this restricted period, noncommercial traffic can
travel the first 50 km as road conditions allow.
In response to increased visitation, Tracy (1977) and
Singer and Beattie (1986) studied wildlife abundance and
behavior along the park road. Both studies concluded that
some animals were adversely affected by road-related
disturbances (e.g., loud unexpected noises, people getting
off buses at wildlife sightings), especially those animals
within 100 m of the road. Other studies have documented
the abundance, distribution, or behavior of large mammals
along the park road (Dalle-Molle and Van Horn, 1991;
Looney, 1992; Taylor et al., 1997; Putera and Keay, 1998).
However, there has been no synthesis of studies to deter-
mine the long-term effect of traffic disturbance on these
animals. To address this need, we recorded the number of
sightings of individual large mammals and their distribu-
tion and behavior along the road corridor during 1995–97
and compared our observations to the findings of earlier
studies.
STUDY AREA
Denali National Park was established in 1917 to protect
wildlife from hunting (Brown, 1993). The 2.4 million ha
park is located in interior Alaska, between Anchorage and
Fairbanks. Mt. McKinley (Denali) at 6194 m is its most
prominent feature. The park road, completed in the 1930s,
connects Alaska Highway 3 in the east to the private
inholding town of Kantishna 147 km to the west. The road
follows a valley between the Alaska Range on the south
and the Outer Range on the north. This valley (road
corridor) varies in width from 1 to 10 km, and the elevation
of the road varies from 484 m to 1230 m. The climate is
subarctic: only June, July, and August have an average
maximum temperature greater than 17˚C and an average
minimum temperature greater than 0˚C (NPS, unpubl.
data). Snow usually covers the road from October to April
or May. Average annual precipitation was 38 cm during
1973 – 97, with an average of 26 cm during May-Septem-
ber (NPS, unpubl. data). Daylight varies during the year
from over 20 hr in June to 4 hr in December.
The road transects forests dominated by spruce (Picea
spp.), shrub tundra dominated by birch (Betula spp.) and
willow (Salix spp.), and higher-elevation tundra charac-
terized by Dryas (spp.) and other short-stature plants. The
road crosses five braided rivers and many streams. It is paved
for the first 24 km, but the remaining 123 km is gravel.
METHODS
Data Collection
Two observers in a pickup truck drove the 100 km
between park headquarters (5.6 km) and Eielson Visitor
Center (105.6 km) at 40 – 48 km/hr on 1 – 4 days per week
(x = 3.3 ± 1.38 SD). These trips were distributed approxi-
mately evenly from May to September in 1995 – 97 and
throughout the day. Passable road conditions determined
the starting and ending dates each year. Observers searched
opposite sides of the road corridor and recorded sightings
of caribou, grizzly bear, Dall sheep, and moose. Only one
trip was made per day, and data were collected travelling
in one direction only to avoid counting individuals twice.
We stopped the vehicle when animals were sighted and
recorded the time, location, species, number of individu-
als, their distance from the road, and, for animals within
500 m of the road, behavior. (We could not accurately
classify the behavior of animals at distances greater than
500 m). We estimated distances from the road visually or
with rangefinders. We randomly selected a focal adult in
each group to characterize behavior at first sighting. We
classified the response as adverse if animals were startled
or moved at a gait faster than a walk in reaction to human
disturbance.
The number of animals observed is defined as the
annual mean number of sightings of individual animals per
trip. We compared our counts to those made between 1973
and 1997 by Tracy (1977), Singer and Beattie (1986),
Looney (1992), Taylor et al. (1997), and Burson et al.
(1999). Bus drivers collected wildlife observation data for
Looney (1992), Taylor et al. (1997), and Burson et al.
(1999), while observers in buses recorded wildlife obser-
vations for Tracy (1977). Singer and Beattie (1986) col-
lected wildlife observation data from a pickup truck. The
numbers of caribou, grizzly bear, Dall sheep, and moose
observed in the road corridor were recorded over approxi-
mately the same months and road section in each of these
studies. We divided the number of sightings reported by
Tracy (1977), Singer and Beattie (1986), and Looney
(1992) by two because they recorded data for daily round
trips. We compared our own data on the animals’ behavior
and their distance from the road when observed to data
recorded by Tracy (1977).
Population estimates of moose in the eastern portion of
the park were obtained from late fall-early winter aerial
surveys during the past 25 years (Meier et al., 1991; V. Van
Ballenberghe, pers. comm. 1998). Sixty-eight percent of
our sightings of moose along the road occurred within the
area covered by aerial surveys.
Data Analyses
We calculated the annual mean number of each species
seen per trip for our study and other studies (Tracy, 1977;
Singer and Beattie, 1986; Looney, 1992; Taylor et al.,
1997; Burson et al., 1999) and used simple linear regres-
sion (Zar, 1984) to test for temporal change.
We tested for trends in the estimated moose population
from 1973 to 1997 (Meier et al., 1991; V. Van Ballenberghe,
pers. comm. 1998) with simple linear regression. We then
compared the change in the number of moose sighted from
the park road to the change in the estimated moose popu-
lation over the same time period, using correlation analy-
sis (Zar, 1984) to determine whether the decline in sightings
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from the park road was associated with a population
decline.
To determine whether the animals’ distance from the
road when observed had changed, we compared the pro-
portion of animals sighted at 100 m intervals from the park
road to the 1973 – 74 counts from Tracy (1977), using chi-
square contingency tests (Zar, 1984:69 – 70). We also
qualitatively compared behavior observed for each spe-
cies during 1995 – 97 with behavior recorded by Tracy
(1977) to assess changes in responses over the years.
RESULTS
On 171 trips (48 in 1995, 64 in 1996, and 59 in 1997),
we recorded 2544 caribou, 604 grizzly bears, 3785 sheep,
and 163 moose. Between 1973 and 1997, the annual mean
number of moose observed per trip declined by more than
50% (R2 = 0.526, n = 22, p < 0.001; Fig. 1). There was a
small increase in the number of bears observed per trip,
(R2 = 0.243, n = 22, p = 0.020), but numbers of sheep
(n = 22, p = 0.301) and caribou (n = 22, p = 0.594) did not
change across years (Fig. 1).
The number of moose observed from the road de-
clined (R2 = 0.526, n = 22, p = 0.001), as did the moose
population in the eastern portion of the study area
(R2 = 0.373, n = 24, p = 0.002). There was a direct
association  R2 = 0.257, n = 16, p = 0.045) between the
number of moose observed from the road and the esti-
mated moose population.
The proportion of caribou (χ2 = 2.430, 5 df, p = 0.787)
and grizzly bear (χ2 = 1.288, 5 df, p = 0.936) observed by
100 m intervals did not change between 1973–74 (Tracy,
1977) and 1995 – 97 (Fig. 2). Fewer Dall sheep (χ2 =
14.918, 5 df, p = 0.011) were observed at 400–500 m from
the road and fewer moose (χ2 = 12.274, 5 df, p = 0.031)
were observed within 100 m of the road during 1995 – 97
than during 1973 – 74 (Tracy, 1977).
Overall, 1.3% of caribou, 0.5% of grizzly bear, 0% of
Dall sheep, and 1.3% of moose exhibited adverse re-
sponses to traffic. We observed no adverse responses
when animals were more than 100 m from the road. When
animals were within 100 m of the park road, we recorded
adverse responses in 4% or less of the observations for each
species. In contrast, Tracy (1977) recorded adverse re-
sponses in more than 30% of all observations within 100 m
FIG. 1. Annual mean numbers of caribou, grizzly bears, Dall sheep, and moose observed per trip along the park road corridor, Denali National Park and
Preserve, Alaska, 1973 – 97.
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of the road during 1973 –74. Although the two studies used
different definitions for behavioral responses, this fact
does not fully explain the decline in adverse responses.
DISCUSSION
Although there was no trend in the number of caribou
sighted along the park road over the last 25 years, there has
been annual variation. From 1973 to 1997, the Denali
caribou herd fluctuated between 1000 and 3100 individu-
als (Adams et al., 1989; Adams, 1996; L.G. Adams, pers.
comm. 1998). Caribou have annual movements that ex-
tend beyond the road corridor and vary among years (L.G.
Adams and J.L. Belant, unpubl. data). We recorded few
adverse behavioral responses to traffic, and there was no
change in the distance at which caribou were seen from the
road. Annual variation in the number of caribou sighted
from the park road is likely explained by changes in
population size and seasonal movements that vary among
years, not by factors related to traffic on the park road.
The number of bears observed along the park road
increased from 1973 to 1997. Grizzly bear population
densities in the park appear to have remained relatively
stable during 1983 – 95 (Dean, 1987; J. Keay, pers. comm.
1998). The increase in sightings may result from consist-
ent observations of females with young near the road in
recent years (see Mattson et al., 1987; McLellan and
Shackleton, 1988). We observed few adverse responses to
traffic, and there was no change in the distance at which
bears were seen from the road.
Dall sheep regularly cross the road during seasonal
movements between the Alaska Range and the Outer
Range (Murie, 1944). Although traffic may affect sheep
during seasonal movements (Dalle-Molle and Van Horn,
1991; Putera and Keay, 1998), our observations and those
of Singer and Beattie (1986) suggested no change in the
number of sheep sighted since 1973–74. Fewer sheep were
observed at 400 – 500 m from the road during 1995 – 97
than in 1973 – 74 (Tracy, 1977). It is unlikely that this
change is related to disturbance along the road corridor.
The variation among years in the number of sheep ob-
served was likely affected by sheep movement in relation
to suitable habitat, by timing of observations, and by
changes in population size, not by traffic disturbances.
The decline in the number of moose observed is partly
explained by the decline in the moose population, which
is probably due to emigration (Haber, 1977) and low
FIG. 2. Percent of individual caribou, grizzly bears, Dall sheep, and moose observed at various distances from the park road, Denali National Park, Alaska.
White bars show data from Tracy (1977); shaded bars show data from this study.
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recruitment resulting from high calf mortality (Van
Ballenberghe, 1987; Bowyer et al., 1999). Vegetative
growth near the road also may have obscured visibility in
areas of high moose density (F. Dean, pers. comm. 1998;
V. Van Ballenberghe, pers. comm. 1998), which could
have contributed to the decline in observations. Propor-
tionally fewer moose were seen within 100 m of the park
road than in 1973 – 74 (Tracy, 1977). Traffic may have had
a slight effect on moose adjacent to the road; but it is also
possible that new vegetation obscured visibility near the
road, so that moose present in this area were not seen.
There was no difference in the proportion of moose ob-
served in any area beyond the first 100 m. Additionally, in
an analysis of moose distribution along the eastern section
of the road corridor (where 68% of our sightings occurred),
radio-collared moose did not appear to avoid the road during
May-September 1995–97 (J.L. Belant, unpubl. data).
Habituation to traffic on the park road could explain the
reduction in adverse responses of animals between 1973–
74 and 1995 – 97. Mammals exposed to stimuli typically
habituate if the stimuli do not provide negative reinforce-
ment (Denniston, 1956; Altman, 1958; Belant et al., 1998).
The dramatic increase in vehicle traffic in the early 1970s
likely contributed to the high number of adverse reactions
recorded during Tracy’s 1973 – 74 study (1977). Addition-
ally, in recent years fewer people have been getting off
buses at wildlife stops, and drivers have attempted to
minimize human noise.
Some believe the number of animals that use the road
corridor may have declined with the increase in traffic (F.
Dean, pers. comm. 1998). The number of sightings could
be independent of the number of animals if fewer, but
habituated, individuals were seen more frequently than
individuals had been seen prior to habituation. Unfortu-
nately, no data are available to allow accurate assessment of
the number of different individuals observed from the road.
Denali National Park is apparently maintaining oppor-
tunities to view wildlife along the road corridor while
meeting the demands of increased visitation. We do not
claim that there was no effect of traffic disturbance on
caribou, Dall sheep, grizzly bear, and moose behavior,
only that we have been unable to measure an adverse
effect. Likewise, we are not suggesting that disturbance
along the road could not increase to a level that would
adversely affect these species. The number of vehicles
permitted on the park road is limited between 26 May and 13
September, but traffic volume on the first 50 km continues to
increase outside this period (Fortier and Olson, 1996). Park
managers must continue to be attentive to these and other
changes in human activity along the park road.
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